The water-intake rates of "European" breeds of cattle published by Winchester and Morris (1956) were used to develop a water-intake method of estimating forage intake by grazing cattle (Hyder et al., 1966) . The method requires the measurement of drinking water, air temperature, and moisture content of forage. Each of these measurements presents sampling problems that must be reconciled with respect to sampling precision and limits of application.
Drinking water can be measured accurately. However, since mean water-intake rates are not applicable to individual animals, problems in sample size and sampling precision arise from the variability among animals, and among days by animals, in the amounts of water drunk. Individual animal-day observations are needed to develop a sample structure in terms of the number of animals included in the sample and the number of days during which drinking water is measured.
The measurement of air temperature in an instrument shelter located on a pasture can be accomplished with sufficient accuracy.
However, the procedure of averaging maximum and minimum temperatures to estimate the mean should be compared with more detailed procedures.
In addition, the wide variability of water-intake rates at high temperatures imposes a practical limit of applicability of the water-intake method.
The moisture content of forage is estimated from hand-plucked samples of herbage taken to approximate that eaten by grazing animals. The objective in sampling is to determine the average moisture FORAGE INTAKE 393 content of forage in a Z-week period. This requirement imposes a considerable problem because the moisture content of forage not only changes more or less gradually through the season, but also may fluctuate diurnally and change sporadically with precipitation or the whims of animal preference. The difficulty one encounters in approximating the animal diet can vary from slight to extreme. In addition, the need for accuracy in estimating the mean moisture content of forage becomes more and more critical as the moisture content increases. Absolute limits of application of the water-intake method are imposed by high moisture contents of forage that supply the total amount of water needed by cattle.
These absolute limits were given in a previous paper (Hyder et al., 1966) . Practical limits of application must occur at lower moisture contents than those which define the absolute limits. Air temperatures were recorded continuously by thermograph placed in an instrument shelter located near the pens. Hand-plucked samples of herbage were collected by an observer as he moved with the grazing animals during each morning and evening grazing period on Tuesday, Wednesday, and Thursday each week. Samples of freshly-dropped feces also were collected at these times. All samples were collected in plastic bags, then dried in a forced-air electric oven at 70 C for 12 to 24 hr to determine moisture contents. The steers were weighed directly from pasture on their way to water on 3 consecutive days every 2 weeks. Estimated forage intake was adjusted to a constant metabolic size (W.55) of 100 to remove the seasonal effect of increasing animal size.
Results

EsGmated Forage Intake.-As
estimated by the water-intake method, mean forage intake in consecutive Z-week grazing periods varied from 16.5 lb/day of oven dry matter to a high of 33.5 lb/ day (Table  1) . Seasonal increases in forage intake associated with increases in liveweights are removed by adjusting the estimates to a constant metabolic size. Adjusted forage intake (Fadj), which varied from a minimum of 16.1 lb/day in late September to a maximum of 25.4 lb/day in late June, was highly correlated (r = 0.93, n -2 = 7) with the moisture content of hand-plucked herbage (H,). The confidence limits of the adjusted-forage-intake estimates, based upon the variability among steers, vary from 6 to 14y0 of the mean. Large confidence HYDER ET AL. and by 6 steers in the last 10 weeks were analyzed separately limit of t 0.5 gallon, a sample would include and pooled.
(n = t2 x 0.6/0.S2) 9 animals. However, with animals less uniform in size than the steers selected limits are associated with high moisture contents of forage, suggesting that lush forage presents difficult sampling problems.
High moisture contents of forage were encountered in grazing periods 2, 6, 7, and 8, when the steers selected Russian thistle (SuZsoZa k&i) in preference to blue grama (BouteZoua gracizis). Since the forage-intake estimate in each of these 4 grazing periods is unusually large, it is also necessary to consider the possibility of positive bias.
Amounts of Water Drunk.-In the analysis of water drunk, the first 8 weeks with 12 steers and the last 10 weeks with 6 steers were pooled to obtain average components of variance (Table  2 ). All main-effect sources of variation are significant.
Seasonal changes in the amounts of water drunk, as defined by differences among weeks, provide the largest component of variation (Table  3 ). The small mean square for steers by weeks (S x W) shows that differences among steers tend to continue through the season.
Differences among consecutive days in weeks show the importance of maintaining continuous measurements of water drunk. This measurement of drinking water is, therefore, treated as a parameter measurement.
The sampling problem has to do with the number of animals and number of days to be included in an observation.
As estimated from the separate component of variance for consecutive days (1.1) and an acceptable confidence limit of f 0.5 gallon per day, an observation period would include (n = t2 x 1 .l / 0.5*) 18 days. The separate component of variance among steers was found to be 0. In 1966, the steers drank, by overall average, 7.0 gal/day. Drinking water amounts changed from week to week as air temperature and forage conditions changed (Table 4 ). The simple correlation between weekly mean water drunk and air temperature was r = 0.705, which is significant at l%, and that between water drunk and moisture content of hand-plucked herbage was r = -0.333, which is not significant at 5%. Liveweight, daily gain, moisture content of feces, and day length accounted for very little, if any, of the variation in water drunk.
In consecutive days when air temperatures changed considerably, the amounts of water drunk increased or decreased in proportion to temperature increases or decreases.
However, the adjustment in water drunk was not immediate.
The correlation between water drunk and mean air temperature of the same day was r = 0.641, and that between water drunk and mean temperature of the previous day was r = 0.590, each being significant at 1%. It will be understood, of course, that the animal response must appear after the environmental effect.
For this reason, drink- to the nearest degree F were nearly always identical by the two procedures, and never differed by more than one degree.
FORAGE
Therefore, the simple procedure of averaging maximum and minimum daily temperatures is retained.
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The wide variability of water-intake rates at high temperatures imposes a practical limit of applicability of the water-intake method. The standard deviations of mean water-intake rates given by Winchester and Morris (1956) were carried through the calculation of forage-intake rates and expressed in percentage thereof (Table 5 ). The variability imposed on the forage-intake rates increases with an increase in mean air temperature and moisture content of forage. Practical limits of usefulness are somewhere between 90 to 100 F mean air temperature and 60 to 70% moisture in the forage.
Moisture Contents of Forage.-Weeks and time of day were sources of highly significant differences in the moisture contents of hand-plucked herbage, and their interaction was significant. Differences among weeks resulted from changes in animal selectivity as well as from changes in plant growth and maturation.
Moisture contents averaged 5% higher in the morning than in the evening, but afternoon thundershowers sometimes reversed the diurnal trend.
This estimation of mean forage-moisture content over a Z-week period is an unusual kind of sampling problem because the population parameters are not fixed. The residual mean square, however, provides an evaluation of sampling precision that may be used to estimate the number of handplucked samples needed in a Z-week grazing period. Under the conditions encountered in 1966, an average of 31 samples were needed to estimate the mean moisture content with a confidence limit of + 2% at a probability level of 5%. The difficulty one encounters in hand-plucking to estimate the mean moisture content of forage can vary from slight to extreme, but the kinds of variability encountered require a systematic daily observation and collection of herbage. The confidence limit of f 2% was chosen as reasonable and desirable, but we must investigate the consequences of error in estimating the mean moisture content of forage. To do so, we calculate the errors in forage intake resulting from an error of + 2% in the mean moisture content of forage (Table  6 ). This error in forage intake increases with an increase in moisture content of forage and decreases with an increase in mean air temperature. Where the moisture content of forage exceeds 65y0, the probability of error becomes so great that the estimates of forage intake cannot be considered trustworthy.
The moisture contents of hand-plucked herbage exceeded 65% in grazing periods 2, 6, 7, and 8, but moisture contents were undersampled with only 12 observations in two weeks.
Discussion
Sampling Requirements.-The measurement of drinking water and air temperature presents no great problem.
An observation should include an appropriate number of animals and days as defined by the respective variance components. Two water meters may be attached in series and read daily for protection against malfunction.
The estimation of the moisture content of forage presents the only major sampling problem.
The estimation by hand-plucked herbage is subjective, and, furthermore, the population parameters are not fixed. Systematic and continuous observation and collection of herbage is required for approximation of the animal diet. Each interval of grazing should be represented. This characteristic, with sampling restricted to 3 days/week, was undersampled in 1966.
Limitations.-A limitation is inherent in the basic relations defined by Winchester and Morris (1956) .
High temperatures increase the requirement for water in the control of body temperature and reduce the relative importance of the drymatter function.
Thus, variability in the amount of water required per pound of dry matter consumed increases with increasing temperature. This variability becomes excessive at temperatures greater than 90 F, but since our highest 14-day mean temperature in 1966 was only 74 F, this limitation did not apply. A limitation on moisture content of forage did apply in grazing periods 2, 6, 7, and 8. The high probability of error in estimating the intake of forage containing more than 65yo moisture is a weakness that must limit application of the waterintake method.
On the other hand, opportunities to improve the efficiency of grazing practices on semiarid grasslands are most likely to result from conditions in which the forage contains considerably less than 65% moisture (Hyder, 1967) . The water-intake method can permit a valuable extension of research on semiarid grasslands, but eventually we shall require wider applicability and greater assurance of accuracy than can be attained at the present time.
Acclsracy.-There appears to be a possibility of positive bias in the estimate of forage intake for grazing periods 2, 6, 7, and 8. In final analysis the accuracy of the forage-intake estimates depends on the applicability of the water : dry-matter intake ratios defined by Winchester and Morris (1956 11.6, 15.6, 12.9, 11.8, 12.3, 14.8, 12.0, 11.4 , and ll.O%, respectively, by grazing periods.
Some increase in water requirement in grazing periods 2 and 6, and a corresponding positive bias in the estimate of forage intake, might have resulted from the greater concentrations of N in the forage. The highest preferences for Russian thistle were expressed in grazing periods 7 and 8 when the moisture contents of feces increased to 84%. Average moisture contents of feces were 82, 80, 82, 81, 82, 82, 84, 84 , and 82%, respectively, by grazing periods. Thus, a laxative effect of Russian thistle (Cave et al., 1936; Christensen et al., 1948) probably increased the water requirement about 1 gal/day and resulted in a corresponding positive bias of 3 to 5 lb/day in the estimate of forage intake in grazing periods
